PHYSICAL REVIEW C

VOLUME 8,

NUMBER 5 NOVEMBER 1973

Exchange Effects in Radiative n-p Capture

J. Thakur* and L. L. Foldy
Case Western Reserve University, Cleveland, Ohio 44106
(Received 25 April 1973)

The contribution of the one-pion-exchange interaction current to the transition amplitude
for radiative n-p capture at thermal energies is evaluated using the Chew-Low static
model for the amplitude for photoproduction of pions off nucleons. A correct treatment of
the pion-rescattering term in that amplitude gives essential agreement with the static-
quark-model calculation of Riska and Brown which considers only nucleon excitation to the

A(1236) state.

The object of this note is to analyze and add to
recent calculations of the role of meson-exchange
effects' (deuteron interaction current)? in radiative
n~p capture at thermal energies. It is well known?
that the experimental cross section for this pro-
cess (0up=334.2+0.5 mb) is larger by about 10%
than the theoretical value predicted for it using
the usual single-particle magnetic moment oper-
ators. In Refs. 1 and 2 it is shown that if the one-
pion-exchange~current effects are included and
realistic wave functions with a finite D-wave com-
ponent for the deuteron are used one can account
for essentially all the discrepancy.

In Ref. 1, this is done by evaluating the pion cur-
rent and catastrophic terms which have both been
known for a long time* and evaluating the contri-
bution of A(1236) excitation of a nucleon using the
static quark model. In Ref. 2, on the other hand,
the pion-exchange contribution was calculated
using the Chew-Low static model® for photopro-
duction of a pion off a nucleon, but we believe the
model to have been used incorrectly. The com-
plete amplitude for the photoproduction of a pion
of momentum § and isospin B8 off a nucleon by a
photon of momentum k and polarization € is®
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Here f,2/4w=0.082 represents the pion-nucleon
coupling constant, u,=2.353 is the isovector mag-
netic moment of the nucleon, P.(q,D) are the usual
angular momentum isospin projection operators
for the meson-nucleon system, and %4(w)

=g 3et%asind, for w = (g + u?)’?> u is related to
the pion-nucleon scattering amplitude. The index
a varies over the four allowed angular momentum-
isospin labels in the static model and P stands for
a 7° meson state of momentum k x €. The contri-
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bution of the first two terms is equivalent to that
of the pion current and catastrophic terms in
Ref. 1 and is not in dispute. Its magnitude is
relatively insensitive to the form of the two-nu-
cleon wave functions used in the calculation.?

The third term in Eq. (1), called the rescatter-
ing term, was found to contribute only to S-D
transitions. If, as in Ref. 2, we consider only the
resonant contribution, we must evaluate #4(w) at
w=0.7 It is easily seen that the pole terms cor--
responding to the Born diagrams are already in-
cluded in the zero-order result and should be
omitted here to avoid double counting. If now we
use an effective-range approximation® for the
ho(w)
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For the 33 state this gives®

1 (0)=5(£,2/4mm,2)(1/w¥), (4)

where w*=M* - M is the pion energy at resonance
which is equal to the difference between the mass-
es of the A(1236) and the nucleon. In any case one
cannot stop here since the result as it stands would
lead to a contradiction with Hermiticity of the
magnetic moment operator. To avoid this, in Ref.
2 there is added a term corresponding to the
interchange of § and P and the corresponding iso-
spin labels. However, the failure of Hermiticity
is avoided at w =0 when the contribution of all
other P-wave amplitudes is included. While these
are known to be small for the photoproduction
amplitude between the physical threshold and the
33 resonance, this smallness is due to the cancel-
lation between the large negative Born terms and
large positive higher-order contribution, particu-
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larly, the contribution of the 33 state in the
crossed channel. Since we require the amplitudes
7(w) with the Born term omitted, these amplitudes
will make substantial contributions. If we use the
Low equations® and neglect the scattering cross
section for all but the 33 state in the dispersion
integrals we get the following results:

h 1(0) ='§'ﬁs(o) s
7131(0) = 12,5(0) = 37,(0) .
Including these and writing the result for the
rescattering contribution to the exchange moment

in the phenomenology of Chemtob and Rho® we
find!°

M=1 We.{(_’-’.m‘ FOYV[E D =G @Yy + T iy
L (FOXTFO[GOXT D)y + T Egl},
(5)
hi=- gy == 3t¥olm,r), hy=2gn= - £Y,0m,7),
(6)

where
T?2=(6“’®c7‘2’)-1¢17—%(6“’@6‘2’), ==, X,
3 3
Yo(x)=e""/x, Yz(x)“'(l +J_C + ;‘z)yo(x)y

and .

16 2 m
L @

This is to be compared to the value
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of Riska and Brown.!!

In summary we have shown that a correct treat-
ment of the pion-rescattering term in the Chew-
Low model yields exactly the same result as ob-
tained in the quark model by Riska and Brown
except for a numerical factor of . This, then,
substantiates the conclusion of these authors that
a proper treatment of one-pion-exchange contri-
butions to the magnetic moment operator resolves
the long-standing discrepancy between theory and
experiment for radiative n-p capture at thermal
energies.
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HAs a historical remark we note that the rescattering
term appears to have been first derived by Kuroboshi
and Hara [Prog. Theor. Phys. 20, 163 (1958)]
who find all the same terms as in Eq. (5) augmented by
that mentioned in Ref. 10. The coefficients of the
terms are in the same ratio as here except for a
reversal in sign of what is here called g;. These
authors use dispersion integrals as do Chemtob and
Rho to evaluate ¢ and except for the fact that they
neglect all but the 3-3 pion-nucleon scattering cross
section in the dispersion integrals, they agree with
respect to the value of the dispersion integral. However
their coefficients over-all appear to be a factor of 2
smaller than those found by Chemtob and Rho. The
numerical value of ¢ found by Chemtob and Rho from
their dispersion integrals appears to be about 30%
lower than our value.



